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•  Charles Webb (Building Research Establishment UK) is regarded by 
Michael Humphreys as the originator of the adaptive comfort concept 

•  Webb conducted longitudinal field studies in Singapore, Baghdad, 
north India and north London during the 1960s 

•  He noticed that building occupants seemed to be most comfortable in 
the mean temperatures to which they were exposed.   

•  He suggested that they had adapted to their indoor climates 





    Nicol and Humphreys proposed the idea that building 
occupants and their indoor climate were two parts of an 
integrated, self-regulating (feedback) system.  

They postulated the adaptive principle:   “If a change occurs 
that produces discomfort, people will tend to act to restore 
their comfort”  
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    To test the adaptive feedback concept Humphreys compiled a database of 
all the field studies that had been published by the mid-1970s. From each 
he extracted:  

- mean indoor temperature recorded for each study 
  (stimulus variable – X) 

- indoor temperature at which comfort was observed,  
  usually referred to as “neutrality”  
  (response variable - Y) 

Field data came from all over the world (from Russia, USA, UK, Australia, 
western Europe, Scandinavia, India, Africa etc) 





    Upon hearing Humphreys’ findings at a seminar in the late 
1970s, Andris Auliciems, a self-confessed “climatic 
determinist” (!) opined that the driver for adaptation was not 
only indoor temperature, but also outdoor climate:  

- physiological adaptation (acclimatisation) 
- behavioural (adjustment) 
- psychological (expectation) 
- cultural (technology) 







    A PhD student under Andris Auliciems at the University of 
Queensland (Australia) in 1981 looked at this topic and 
noticed two things:  

- Humphreys’, Nicol’s and Auliciems’ adaptive comfort 
  concept was not getting traction 

- Fanger’s ingenious heat-balance approach to comfort had  
  displaced the adaptive concept and its supporting 
  evidence   



    Pitted these competing hypotheses against each other (adaptive versus heat-
balance) in a series of “field experiments” in Australia:  

- tropical Darwin, sub-tropical Brisbane, temperate Melbourne    
- naturally ventilated and centrally air-conditioned office buildings 
- collected all six input parameters for Fanger’s PMV model 
- compared actual and predicted comfort  

Systematic discrepancies were found, particularly in the warmer climate zones, 
that couldn’t be explained by the classic six comfort parameters in Fanger’s 
heat-balance model (PMV). 



The ASHRAE Comfort Database 



•  circa 21,000 observations (indoor climate & comfort surveys) 
- 160 buildings 
- 4 continents 
- range of climate zones 

•  Simultaneous and  
contiguous observations : 
- objective indoor climate 
- subjective comfort 





Centrally-controlled  HVAC buildings Naturally ventilated buildings 

 Predicted: static comfort model (PMV) 
 Observed: Field-based adaptive model 

Monthly outdoor temperature (oC) 
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ASHRAE Standard 55-2004 (2010) CEN Standard EN15252-2007  

Geographic/climatic/cultural origins of data –  
worldwide (RP-884 d’base) 

Geographic/climatic/cultural origins of data –  
western Europe (SCATS d’base) 

Size of the database –  
~ 9,000 out of 21,000 questionnaires  
   36 out of 160 buildings 

Size of the database –  
~ 1,500 questionnaires in 26 offices 

Scope of applicability –  
naturally ventilated bldgs w/o mech. Cooling 
(precludes mixed-mode) 

Scope of applicability –  
any building in “free running” mode 
(includes mixed-mode) 

Method of deriving neutrality – 
regression of observed comfort votes on 
observed indoor temperatures for each 
building  

Method of deriving neutrality – 
Griffiths’ extrapolation from observed sensation for 
each person to hypothetical neutrality by assuming 1 
sensation category = 2oC   

Representation of outdoor climate – 
Mean monthly outdoor air temperature 

Representation of outdoor climate –  
Exponentially weighted running mean of daily outdoor 
air temperature (~ week) 

Occupancy types:  sedentary (< 1.3met) Occupancy types:  sedentary (< 1.3met) 



Observed Neutrality ~ 22 



Griffiths Method Estimated Neutrality ~ 25.5 
Observed Neutrality ~ 22 



ASHRAE Standard 55-2004 CEN Standard EN15252-2007  

Tcomf = 0.31 Toutdoor + 17.8 Tcomf = 0.33 Toutdoor + 18.8 



From McConahey, E., P. Haves and T. Christ (2002)  





•  The x-variable used to generate the ASHRAE 55 adaptive equations is a 
mean monthly outdoor air temperature.     

•  This can be a climatic mean usually based on the past 20 years, or even 
future climatic mean for say 2030 or 2050, as predicted by GCMs  

•  In the case of a TMY file there is no logical reason why the x-variable 
can’t be a running 30-day mean outdoor temperature. 

•  Extrapolating from commercial buildings to residential buildings? 

•  Exceedance: 

–  Duration (% of occupied hours) 

–  Duration and Intensity (degree hours)  

















•  In rapidly developing economies the key challenge is to leap-frog over the 
“static” comfort model (PMV/PPD) and design to the adaptive approach 
where and when feasible. 

•  In developed economies the key challenge lies in retrofitting adaptive 
comfort into existing buildings.  The term “adaptive HVAC” has already 
been coined, but this implies “weaning” occupants off tightly regulated 
(static) indoor climates. 

•  Perhaps the final frontier for adaptive thermal comfort researchers will be 
the “engineering of building occupants’ attitudes and expectations”  

                       Green buildings need green occupants!     




